This paper describes the results of a large-scale live pilot test of an HbbTV multicamera application. In this pilot test, carried out during an association football match, the interactions of 6203 user devices with the application were logged. An exploratory statistical analysis was performed on the dataset, to better understand the behavior of the users on the application. The analysis yielded conclusions that can be useful to those seeking to build a successful multicamera service, with insights on issues of suitability of program genres, multicamera content selection, audience segmentation, and the structure of data stream traffic.
INTRODUCTION
In the last years, there has been a growing interest in the patterns of user consumption of innovative TV experiences. It is being increasingly recognized that the hybridization of broadcasting with Internet technologies is altering traditional TV viewing patterns to a large degree [3] . In a multiplatform environment, the determinants of important user decisions such as watching a particular program are shifting. Audiences are no longer focused on a single content source, and take into account multiple external factors in their decision making, such as peer recommendations on social media and ondemand content availability [1] . This convergence of television and the internet is profoundly changing the audio-visual market. As key players become aware of the fact that changes in viewer habits and consumption patterns are poised to redefine business models in the coming years, the demand for fresh insights into user experiences and consumption patterns is likely to grow [12] .
In parallel to these trends in the Connected TV arena, there is a rising perception that emerging digital technologies can add significant value to the field of sports events, not just for improving decision making but also for the TV broadcasting of competitive sports [14] . In the last years, a number of studies have attempted to shed light on the user experience with sports-related interactive TV, giving rise to a modest research agenda focused on this issue [2, 7] . This paper attempts to contribute to ongoing discussions from the insights generated in a European Commissionfunded innovation project, TV-RING. A major goal of this initiative was the implementation of a large-scale live pilot of a multicamera HbbTV application. The pilot took place during a football match, in which audiences were monitored as they interacted with the multicamera application. This pilot yielded a rich dataset on the audience usage of the application during the event, from which a series of insights can be extracted with an analysis of this dataset. We believe our results will be relevant for broadcasters, application developers and content producers, most particularly in the audiovisual sports domain.
PILOT METHODOLOGY
As delineated in the TV-RING piloting plan, a sequence of tests was carried out over a thirteen-month period [13] . This constituted the final phase of a larger user-centered design process, which had previously involved users in two rounds of requirements analysis and three iterations of prototype refinement [11] . First, four small-sample controlled pilots were executed from December 2014 to June 2015. This phase involved twenty households in the town of Gurb, in central Catalonia. Each household was given an HbbTV 1.5 device capable to play MPEG-DASH and last generation services. Test users were connected to a monitored fibre network of 100Mb/s using a local controlled content delivery network (CDN), from which detailed analytics could be monitored. At this stage, the goal was to fine-tune the usability of the test application, sort out any outstanding technical issues, and obtain market data on the most attractive contents for Permission to make digital or hard copies of all or part of this work for personal or classroom use is granted without fee provided that copies are not made or distributed for profit or commercial advantage and that copies bear this notice and the full citation on the first page. Copyrights for components of this work owned by others than ACM must be honored. Abstracting with credit is permitted. To copy otherwise, or republish, to post on servers or to redistribute to lists, requires prior specific permission and/or a fee. Request permissions from permissions@acm.org. users to be used in larger experiments. The contents for these tests were a singing contest show, a special news report on the Spanish local elections, and two football matches.
This first phase of controlled-sample pilot tests set the stage for the two large-scale open pilots. A preparatory pilot was carried out in September, with news coverage of the Catalan national day rally, to ensure the successful deployment of the envisioned live pilots. The selected contents for the live pilots were two FC Barcelona football matches in September and November 2015. These open live pilots were followed by an audience of about 4000 and 6200 TV devices which accessed the project's HbbTV application, representing an audience of thousands of users interacting with the offered multicamera services. For the second test, a data collection framework was in place, to obtain and store user data via cookies and server request logs.
The evaluation plan for the open live pilot experiment provided for two kinds of data to be collected from the audience of the live sports event. Quantitative data was collected from the content delivery network system logs. This dataset contains information on every request made by specific devices for each particular audiovisual data stream. More specifically, it collects data on each request's time, device IP, stream URL, and total bytes transferred. This data was subjected to an exploratory statistical analysis, to reveal the structure of the distribution of the variables and uncover causal relationships (or the lack thereof) between these variables. Also, qualitative data was collected via an online questionnaire and the textual analysis of Twitter feeds. These sources of information were used during the analysis phase to contextualize the quantitative data.
HBBTV MULTICAMERA APPLICATION PILOT
The multicamera pilot application, developed by TV-RING partner Televisió de Catalunya (TVC), consisted of two main scenarios or areas of work. First, a video on demand (VoD) service displayed programs that could be accessed interactively from one or two different points of view or 'renditions'. Second, a live service allowed the broadcaster to offer to audiences a set of multiple renditions on an ongoing live TV show. Content was accessed using MPEG-DASH in all cases, providing for seamless and instantaneous timeline shifting in the first case, and actual live content in the second case. All contents were offered in three different qualities, ranging from the highest 7Mbps at HD, to an intermediate 5Mbps, to the lowest 3Mbps at SD.
The application was made up of different screens. The user entry point for the application was composed of a screen with the available list of live and VoD contents. The user could interact with the application using the remote control of the HbbTV-compliant TV set device, enabling the user to select content, control video playback and specify video renditions. Finally, in the start menu, the user had the option to display a help screen by pressing the blue button on the remote control.
In the figure below, a workflow of the application can be found to better describe the different GUI interactions.
Figure 1. Multicamera application basic interaction pattern
Early on during the user evaluation activities, it was found that traditional remote controls offer very poor usability for users accustomed to more agile handheld device navigations. Several approaches to replace or complement the traditional remote control have been successfully implemented, such as speech and gesture recognition controls [17, 4] , or geospatial navigation designs which implement location flipping concepts [8] . In the TV-RING project multicamera pilot, a Second Screen solution was selected as the most suited to the specificities of the application tested on field trials. This remote control functionality allowed users to control the HbbTV application using a mobile device of their choice as remote control.
For the live pilot test from which the user behavior data was collected, the application allowed audiences to select between four different cameras. These four cameras were the live match broadcast (Stream 1), a camera which followed the three attacking FC Barcelona stars (Stream 2), a camera which centered on FC Barcelona's coach (Stream 3), and a fourth camera which gave an overview of FC Barcelona's attacking formation (Stream 4). This content was delivered to the user via five separate streams: the four views, plus the mosaic. The pilot content (an association football match) ran from 19:45 to 21:30 UTC on November 24, 2015. The football match consisted in two 45-minutes halves, with a 15-minute half time period in the middle.
DATA ANALYSIS
A dataset with more than 2.1M individual audiovisual stream requests was collected, representing the interactions of a total of 6203 unique TV devices with the application over the course of 2 hours of live pilot test. The total population of HbbTV 1.5-compliant devices in the Catalan territory was estimated by the broadcaster to be, at the point of the experiment, at about 35000 TV devices.
Figure 2. Screenshots of multicamera application mosaic and start page
Therefore, this estimation means that the data was obtained from a sample of 18% of the total potential population of available TVs. With these figures, the confidence interval for the statistics reported in this chapter should be estimated at plus/minus 1.13, for a confidence level of 95%.
As regards the questionnaire data, responses were obtained from a sample of 37 individual users. Out of an estimated population of 35000 valid devices, this constitutes a sample size of 0.1%. For a confidence level of 95%, the confidence interval of all reported statistics is plus/minus 16.11%. The very small sample and correspondingly large standard error place limits on the reliability of these statistics. Therefore, it is recommended that the results coming from the analysis of qualitative data are rather interpreted as broad orientations on audience preferences and perceptions.
Exploratory statistical analysis
The page requests dataset was subjected to an exploratory analysis. Statistical analysis of datasets generated at user experiments has followed a variety of multivariate statistical techniques, such as experimental design t-tests [6] or even cluster analysis of natural language codes derived from user diary studies [15] . Other authors researching large-scale TV consumption patterns have opted for highly sophisticated multivariate analyses, with the goal to derive conclusions from the distribution of data on key sociodemographic variables, i.e. age, gender, and household composition [5] . Notwithstanding their diversity and ingenuity, the common thread in all these approaches is that their authors follow an exploratory analysis strategy. This analytical strategy is characterized by not letting prior choices of theoretical framework dictate the direction of hypotheses, but rather subjecting the data to a rigorous battery of tests which allow the structure of the data to emerge, in a fashion similar to what grounded theory approaches implement in qualitative research (see [10] for further reference). Table 1 above presents the data on unique visitors and page views on the application, broken down by the manufacturer of the users' TV device. This manufacturer data may be useful to infer the market penetration of each manufacturer in the Catalan territory, in the segment of HbbTV 1.5-compliant devices. If we proceed with an analysis of this data, we can observe that there is a very strong correlation, in the order of R 2 =0.9898, between the number of unique visitors and the number of page views requested. To explore more in depth this relationship, a more accurate non-parametric statistic of variance (the One-way ANOVA or Kruskal-Wallis H test) was calculated. The TV manufacturer of each device was introduced as the independent variable, while the total seconds spent in each page (a continuous and more accurate variable than just page views) was added as dependent variable. The test outcome revealed that there is indeed a statistically significant difference across groups, with a Chi-square statistic of 56.256. Because of the lack of comparable studies in the literature, it is not possible to compare the research significance of this Chi-square value with those of other experiments. The associated Median test carried out in the same analysis confirmed that audiences stayed on the application slightly longer depending on their TV models, but with such small observed differences that these can be regarded as insignificant for theory building purposes.
TV Manufacturer
In Figure 3 , we can see how total number of user and total data usage strongly correlate with the beginning of the match and the mid-time. Users did not watch so much in the midst of the bustle of the sport event, but rather in the starting minutes of each half. The highest usage peak occurred during the ten minutes before and the ten minutes right at the start of the match. A second, gentler peak can be observed in the minutes around the start of the second half. The size of these usage peaks is approximately five times and three times larger than during the rest of the match. 
Figure 5. Number of users by total data streamed and total minutes engaged
The graphs in Figure 5 bin the 6203 pilot test users by their total usage of the application, in terms of total data streamed during the match and total minutes engaged on the application. As we can readily see, both variables have very nonnormal distributions, strongly skewed to the left. These are long right tail variables, where an overwhelmingly majority of the cases are concentrated in the left side of the graph. In connection with our analysis of user behavior in the pilot test, the implications are that 95.02% of users were engaged in the application for less than ten minutes, and 74.65% of users were engaged for less than three minutes.
Contextual qualitative analysis
It must be acknowledged that the robustness of our qualitative results is negatively affected by the large error margin of the computed statistics. This is a direct consequence of the very small sample obtained, of only 37 respondents. Nevertheless, even allowing for the likelihood of a 16-percentual-point mismatch between the population parameters and the sample statistics reported below, these results can give a general guidance on certain relevant issues. Most importantly, the user-generated statements and comments obtained via the questionnaire and program Twitter feed can provide vital contextual information to complement the analysis of the CDN log data. 
DISCUSSION OF RESULTS
A number of insights emerge from the analysis of the data obtained during the multicamera pilot test. Firstly, it is significant to notice that users did not watch during the sport action, but mostly used the multicamera service when there was a moment of lesser activity in the course of the match. Thus, the current level of excitement of the match seems to be the main factor in shaping the level of engagement of users with the service. The more exciting the moment of the match, the less likely is that users will be using the multicamera application. This finding is in line with the outcomes of previous studies on usage patterns of sports-related TV applications [9] .
The selection of the streams is also very important. Not all multicamera views are born equal: some will experience much heavier usage than others. To a very large extent, the choice of available views determines the dynamics of camera switching of the users. In the pilot's case the most watched were the mosaic and the broadcast. The other three specific streams were watched occasionally, and for very short periods, usually just a few seconds. The qualitative analysis hinted at the fact that many users favorite view was actually the mosaic, because they felt they were "losing information" if they focused on just one of the views. The broadcast similarly gave them this sense of "being in control" of all that was happening in the match.
A key insight of this study has to do with the clustering of sports audiences on the basis of their multicamera application usage pattern. A large majority of users can be expected to be "dabblers", just trying out the application out of curiosity, but not interacting with the system in a sustained and meaningful way. At the other end of the distribution, there will be as well a small group of "very engaged" users, using the application on a regular (but not necessarily predictable) basis. If we set the threshold for engagement at 10 minutes of active usage, for our pilot test the relative size of both groups can be estimated at about 95% and 5% of the total audience of app users. Identifying and reaching this very small user group is critical for market research purposes.
Last but not least, an adequate selection of the program contents has been found to be critical for the success of a multicamera HbbTV application. Program genres in which the relevant action may happen simultaneously in several locations provide the best fit for a multicamera service. Sports such as football, basketball or tennis, and racing events like the Formula One or MotoGP competitions have been identified as particularly suitable contents for multicamera. Other kinds of contents such as special informative events (i.e. demonstrations, election days) and song contests were piloted during the course of the TV-RING project. The audience's reaction to these programs was fairly positive as well. Nevertheless, a lesser level of interest was detected, as many users did not see the value of multicamera services for those kinds of programs vis-à-vis the broadcast content produced by an experienced audiovisual producer.
CONCLUSION
The live pilot test of a multicamera HbbTV application generated extensive data on the patterns of usage of the application, technical performance parameters and several metrics of user satisfaction. An in-depth analysis of these data has yielded rich information on HbbTV market penetration in the Catalan market, models of user segmentation and clustering on the basis of multicamera application usage patterns, and analytics on the user's behavior in real-life settings. These have implications for service providers, broadcasters and manufacturers.
